The objective of this study was to evaluate the structural characteristics, dry matter production, residual mass, chemical composition and in vitro dry matter digestibility of Iapar 61 black oat (Avena strigosa cv Iapar 61) pasture, both in isolation and in association with birdsfoot trefoil (Lotus corniculatus L., cv. St. Gabriel), under different forms of management in three growth cycles. A randomized block design was used with split plots in time with four treatments: conventional tillage oats, oat tillage, oats associated with birdsfoot trefoil and single birdsfoot trefoil, with three periods of evaluation and four replications. The apical meristem of oats increased from the first to the second cycle. The dry matter production of single birdsfoot trefoil was 579.65 kg on average, and the oats tillage production was 2597.78 kg. Oats exhibited high nutritional value before the first grazing in all treatments; however, at the end of its cycle, the association with birdsfoot significantly increased the crude protein content of the forage. The in vitro dry matter digestibility was similar between crops and decreased in the third cycle. Birdsfoot increased the nutritional value of oats at the end of the oat life cycle.
Introduction
Because the main objective of the pasture production system is to reduce the cost of animal feed, techniques that may fully or partially replace the need for chemical nitrogen fertilizer and ultimately reduce costs are highly desirable for promoting economic sustainability. This research has demonstrated that a viable alternative to this problem is to introduce legumes into the production system via intercropping with other fodder cultivation or by replacing other crops (Alexandrian et al., 2004) .
Intercropping of oats with fodder legumes have generated increased biomass production. Abreu et al. (2005) claimed that the addition of legumes increased yields and may provide a viable means to increase productivity on the pasture.
Nitrogen is one of the most limiting nutrients for the development of fodder plants; thus, an alternative to the application of urea is to intercrop with legumes for biological nitrogen fixation. According to Aita and Giacomini (2003) , the practice of growing mixed stands of grasses with legumes increases productivity and increases economic efficiency, resulting from nitrogen fixation by legumes, which increases their availability in the soil. Neres et al. (2012) found that using legumes with tropical grasses increases productivity; however, whether legumes have the same effect on cool season species is unknown. Thus, there is a need for studies that examine the benefits of integrating crops and livestock farming with the use of perennial legumes in a single productions system on the forage, structure and production of straw.
The objective of this study was to evaluate the dry matter production of residual mass, structure, chemical composition and in vitro dry matter digestibility of oat Iapar 61 using different forms of cultivation.
Material and methods
The experiment was conducted in September 2012 at the Experimental Farm Professor Antonio Carlos dos Santos Pessoa, which belongs to the State University of West Paraná, campus. Marechal Cândido Rondon from Paraná, Brazil, conducted the field experiments to evaluate the forage potential of oat (Avena strigosa cv. Iapar 61) grown singly and in association with birdsfoot trefoil (Lotus corniculatus L. cv. St. Gabriel).
Climatic data of the experimental period were obtained automatically from the meteorological station at the State University of West Paraná, which is located approximately 100 m from the experimental area with soil classified as Oxisol (Embrapa, 2006 ) at a 2-cm depth for both.
Oats in the tillage-absent treatment were planted under the straw of corn from the previous year and intercropped with birdsfoot trefoil in areas that were already planted (1st year) and managed in winter oats. The plots had dimensions of 8×12 (96 m 2 ) and were separated by an electrified fence.
The oats were sowed in both treatments mechanically with a precision seeder coupled to a tractor on May 3, 2012, at a seed density of 80 kg ha In total, 60 kg ha -1 of nitrogen as urea and 50 kg ha -1 of potassium in the form of potassium chloride were applied for twenty-five days. After applying fertilizer and the canopy height reached 40 cm, the structure of the plants was examined, and materials were collected to quantify dry matter production, chemical composition and in vitro dry matter digestibility. After collecting the materials, Holstein cows in lactation were used to lower the pickets and were removed when they reached a residual height of 15 cm. Animals were measured with a ruler-graduated height, and the amount of residual dry matter was determined using a metallic square of 0.25 m 2 .
Structure was evaluated by measuring plant height (15 points per plot) with a ruler graduated in centimeters. Other traits that were measured with rulers included the apical meristem height of oats (15 points per plot) and the leaf/stem ratio (15 points per plot). Stem diameter was measured using digital calipers (15 points per plot). The number of leaves per tiller oats (15 points per plot) was also measured. Tiller oats (9 samples of 0.25 m 2 per plot) were collected after measuring them for the determination of dry matter production.
Samples were collected to determine the dry matter production using metal squares with an area of 0.25 m 2 that were randomly placed four times in each plot. After releasing the metal, all plants contained inside were cut 15 cm into the soil with the help of a knife and placed into labeled plastic bags.
In the laboratory, the samples were separated and weighed into two sub-samples. Of these, the first was used to determine dry matter production and chemical characteristics. The samples were ground in a knife mill with a 1-mm sieve for the further analysis of dry matter (DM), mineral matter (MM), crude protein (CP) according to AOAC (1990) , neutral detergent fiber (NDF), acid detergent fiber (ADF) according to Van Soest et al. (1991) lignin and cellulose (Silva and Queiroz, 2006 ).
The second sub-sample was separated into leaves (leaf blades) and stems (stems and sheaths) to obtain the leaf/stem ratio.
All samples were sorted and packaged in paper bags, weighed and placed in an oven with forced ventilation and maintained at a temperature of 55 °C for 72 h to dry. After drying, the samples were weighed and data on the percentage of dry matter was obtained. The dry matter production and leaf/stem ratio (obtained from the ratio of the dry weight of leaves and dry weight of stems) were calculated.
To determine the in vitro dry matter digestibility, the technique described by Tilley and Terry (1963) adapted from the Artificial Rumen as described by Holden (1999) was used.
Data were statistically analyzed using the Sisvar program (Ferreira, 2008) , and treatments were compared using Tukey's HSD at the 5% level. The Spearman correlation for structural assessment data was used.
Results and discussion
A significant interaction was detected for the production of dry oat matter (P≤0.05). We observed a higher mean DM in the second cycle of growth compared with the other cycle; however, the DM production of a single oat in the conventional tillage exceeded the mean yields obtained for both oats, even when it was grown with birdsfoot trefoil (Table 1 ). This pattern may be explained by the tendency of oats to reduce the production of DM from the 2nd cycle when intercropped with birdsfoot trefoil, resulting from the effect of competition with legumes (Floss, 2004) .
However, when the DM yields of oats grown with birdsfoot trefoil and cultured with oat are added together from the first to the third cycle, the following productions are obtained: 1st: 1489.92, 2nd: 3512.73 and 3rd: 2053 kg ha -1
. These values cycle depended on the development of new shoots from the basal meristem (Larcher, 2000) .
However, the height of the apical meristem showed a positive Spearman correlation (Table  3) for the number of leaves per tiller (0.53) and the number of tillers (0.45) and was negatively correlated to leaf/stem ratio (-0.73), which suggests that as the height of the apical meristem of oat increases, the number of leaves per tiller and tiller number with reduced leaf/stem ratio is increased. This relationship appears to be related to the structural development of oats to grow to the vegetative stage.
The stem diameter differed for the unfolding of crops x cycles and the interaction between crops and between cycles (P≤0.05), with smaller diameters for oats grown conventionally and in association with the third cycle compared with the first and second cycles. This difference likely results from the fact that plants initially increase the diameter of the structures to support their increased weight during growth cycles.
Canopy height (Table 2 ) yielded a significant effect of cropping system and a negative Spearman correlation (Table 3 ) with the number of leaves per tiller (-0.42 ) and tiller number (-0.52). The values were greater when oats were grown with birdsfoot trefoil in the second cycle of crops and obtained higher mean sward heights for the third cycle.
are similar to those found for other oat production crops. The production increase from the first to the second cycle is due to the tillering caused by grazing, which results in the stimulation of the emergence of new tillers that, when they begin their photosynthetic activity, contribute to the accumulation of DM.
The tropical forage of grasses guarantees its persistence after cutting or grazing by the regeneration capacity of leaf tissue, specifically by building new apical meristem leaves that fall below the cutting plane through tillering (Corsi, 1993) .
The height of the apical meristem (Table 2) was different between crops and cycles (P≤0.05) and differed in the interaction term (crops and cycles).
Increases in height apical meristem were noted for both cultures from the first to the second cycle of growth and did not differ statistically from the second to the third. Nevertheless, the apical meristem height increased from the first to the second cycle of growth. This increase in growth is due to the structural development of plants and the height of waste adopted for animal grazing (15 cm). The apical meristem was removed in the second cycle.
In contrast, in the second to third cycle, the meristem had been removed by grazing due to the elongation of the stem, so the growth became slower. Thus, growth from the second to the third Means followed by the same letter in the column or capital on the line do not differ by Tukey's HSD at the 5% level. CT: conventional tillage oats. OT: oats tillage. O+B: oats grown with birdsfoot trefoil. B: single birdsfoot trefoil. Similar results were obtained by Floss et al. (2004) , who observed that oat increased in plant height during the sampling ages and had an appreciable effect on stem diameter, which was higher in the second cycle and reduced as a result of stretching. The maximum height achieved by oats in association with birdsfoot trefoil may be associated with stem elongation rate stimulated by competition for light, but the height achieved by these plants in this experiment did not differ (P>0.05) from oat planted in the absence of birdsfoot trefoil.
For number of tillers, a significant effect was detected for the cycle of growth and cropping system ( Table 2 ). The effect was stronger for the second cycle of growth and for oat planted with birdsfoot trefoil.
The number of leaves per tiller increased from the first to the second cycle, corresponding with the timing of emergence of leaves and tillers, which can be observed by a positive Spearman correlation (Table 3 ) of 0.50. A reduction was observed in the third cycle by Godoy et al. (2005) and Reis et al. (1992) , and it resulted from the senescence of older leaves during grazing cycles or growth cycles.
The leaf/stem ratio (Table 3 ) differed in the unfolding of crops x cycle interaction between crops and cycles (P≤0.05). The first cycle showed a higher mean ratio compared with the second and third cycles, rather than the higher initial growth in the development of oat plants (Martins et al., 2008) .
For those crops yielded lower leaf/stem ratio for birdsfoot trefoil grown with oat, lower values were reached similar to those of Soster et al. (2004) , who evaluated the agronomic characteristics of the genotypes of birdsfoot trefoil and found that the leaf/stem ratio was 1.4.
Oats had few leaves and longer stems, a result of the stretch between them, with subsequent lengthening of the stem and greater participation of these fractions in forage over the leaves, reducing the relative leaf/stem ratio due to the removal of the apical meristem in the second grazing, in turn, causing a decrease in leaf/stem ratio during growth cycles. This decrease can be explained by the negative Spearman correlation obtained between the leaf/stem ratio and the number of tillers (Table 3) , where he obtained a correlation of -0.43 because the ratio decreases as the number of tillers increases.
For the unfolding of crops, the significant variable x cycles leaf/stem ratio (Table 2 ) interaction effect (P≤0.05) was obtained in the first cycle of crops, for which no evaluation of birdsfoot trefoil (0.00) was carried out at the expense of early development of grassland at the first assessment.
A significant effect (P≤0.05) on the production of straw from oats (Table 4) for the crop cycles x interaction between crops and between cycles was obtained when grown in no-till. The oats produced more residual straw (mean) when interacting with other crops but gave lower values for the trefoil in the absence of the first review cycle because the oats were in a phase of recovery following the cultivation of maize that had been planted the previous year, which resulted in shading and dramatically reduced the development of birdsfoot trefoil the following year.
Between cycles, the increased production of straw for the second cycle of growth was observed, which decreased in the third cycle due to the consumption of dry mass by animal grazing. This resulted in the reduced sprouting capacity of the plants, which damaged the recovery of new leaves and the accumulation of straw. The crop residue on the soil surface acts as a cushioning barrier to animal trampling. Even levels of straw close to 2000 kg ha -1 of DM cannot compromise grain production in subsequent cultivation seasons (Flores et al., 2007) .
Significant effects were obtained for the crops x cycles interaction both between crops and between cycles (P≤0.05) for the effects of DM production after grazing residue (Table 4 ). The DM yield of post-grazing residue for oats managed under conventional tillage (1861.6 kg ha -1 ) was lower than that obtained by oat grown under no-tillage (2222.1 kg ha -1 ); however, as Kluthcouski and Yokoyama (2003) mentioned, oat requires at least 7 t ha -1 residual dry matter to fully cover the surface of the soil.
There was a significant difference in the height of the residue in crops x cycles (P≤0.05), where the oats grown in association with birdsfoot height was above the first cut compared with other crops. An interaction was also observed in means between crops that was likely due to competition with birdsfoot trefoil, which lengthens oats. Oats grown conventionally showed the same pattern, which competed in the second cycle with wild radish (Raphanus sativus) that developed in the area (Table 5 ).
Among crops, there were no significant differences (P≤0.05): smaller heights were recorded for birdsfoot trefoil during all cycles of evaluation. Between cycles, a significant effect (P≤0.05) was observed between the height of the waste from the first to the second cycle and decreased for the third cycle.
The nutritive value of forages in the year 2012 was altered by the interaction of several factors (Table 6 ). NDF was inversely related to the percentage of crude protein, with the exception of the first cycle, and increased with the cycles of the cultivars (P≤0.05). This was the same pattern observed by Rocha et al. (2007) , who evaluated the production of forage species and forage cultivars of winter and reported gradual increases in NDF and reductions in the levels of CP.
Significant differences were obtained between crops (P≤0.05) with lower NDF for oats grown with and without birdsfoot trefoil. Similar results were obtained by Rocha et al. (2007) , who found mean levels of 35.4 to 63.9% for birdsfoot trefoil and oats.
The interaction of crop cycles x factors differed (P≤0.05), where the association of oats with birdsfoot trefoil reduced the NDF in the second and third cycles compared with oats grown singly likely stemmed from the dilution effect of the levels of NDF present in single oat and lower levels of birdsfoot trefoil.
The ADF values differ between cycles and crops and the interaction between factors (P≤0.05) between the levels of ADF cycles were reduced from the first to the second cycle. These values increased again in the third cycle; however, the association between crops of oats with birdsfoot trefoil did not result in the reduction or absence of ADF. In contrast, the single birdsfoot trefoil had a lower mean than did crops with oats because legumes have lower levels of ADF compared with the levels present in grasses (Thomson et al. 1985) .
There was a gradual increase in the ADF levels for the oat crop in the conventional system and an Means followed by the same letter in the column or capital on the line do not differ by Tukey's HSD at the 5% level. CT: conventional tillage oats. OT: oats tillage. O+B: oats grown with birdsfoot trefoil. B: single birdsfoot trefoil. opposite pattern it was when grown with single birdsfoot trefoil; however, the levels of intercropping were stable during growth cycles, which may be explained by intercropping with legumes.
Cellulose and hemicellulose are major constituents of the cellulose cell wall (Van Soest, 1994) , and this study shows that the levels of cellulose and hemicellulose varied between crops, cuts and interaction of cultures x cycles (P≤0.05) factors. Among the crops that had higher levels of cellulose, the amounts in single oat managed conventionally and tillage were lower than those for single birdsfoot trefoil and when oat was grown with birdsfoot trefoil. Thomson et al. (1985) concluded that comparing pasture fertilized with nitrogen, mixtures of grasses and legumes, grass generally have higher levels of protein but lower levels of cellulose and hemicellulose, as observed in this study.
Hemicellulose (Table 6 ) increased between cycles because the supporting tissues (cellulose, hemicellulose and lignin) increase in proportion during the development of the plant. However, the lignin concentration in birdsfoot trefoil decreased between cuts, which may be explained by the fact that farming can recover the previous crop (corn), which was associated with the development of the plant that had a few more leaves and stem and resulted in a low-DM for the first cut. An interaction is noticeable in the second cycle: oats grown with birdsfoot trefoil and single trefoil showed lower levels compared with those obtained in other sole crops of oats. However, Lacerda et al. (2006) obtained a mean value of 7.7% for whole-plant lignin oat at 45 days, which is higher than the means obtained in this study (Table 6 ) for oats grown under conventional tillage (4.24%), alone (4.35%) or in association with trefoil (6.39%). Moreira et al. (2005) worked with oats and oat genotypes for forage production and found values that were below those obtained in this work for hemicellulose in oats under conventional tillage (25.58%) and no tillage (25.96%). The crude protein differed (P≤0.05) between cycles and crops and in the interaction between factors (Table 6 ) between crops. Higher crude protein content was observed in growing single birdsfoot trefoil compared with crops of oats because, as a legume, birdsfoot trefoil has more crude protein compared with oats. However, the mean values obtained in this study were higher than those obtained by Salerno and Tcacenco (1986) , who found a CP value of 17.25% for birdsfoot trefoil.
The lowest percentages of CP observed in the final cycle of oats can be explained by the physiological state of the cultivars to be cut because the forage quality decreases when the plant is in the reproductive stage. Regarding the intercropping of oats with birdsfoot trefoil, we saw an increase in the CP content compared with other sole crops of oats (Table 6 ). In general, the presence of legumes improves levels of crude protein chaperone grass, even compared with nitrogen fertilization (Pereira et al., 1990) .
In vitro dry matter digestibility (Table 6) was different between cultures, cycles and the interaction between factors (P≤0.05). Among crops, in vitro dry matter digestibility was higher for oats grown under no-tillage in the first cycle (86.46%) than for conventional oat crop (82.75%). However, the association of oats with birdsfoot trefoil did not result in an improved digestibility of oats in the third cycle compared with other treatments (64.68%), probably because the oats compete with the culture when associated with birdsfoot trefoil. This competition may result in an increased canopy height and reduced leaf/stem ratio, which may, in turn, increase the involvement of the stem fraction.
The periods between means decreased from the first to the third cycle due to the increased levels of plant cell wall constituents. Pulses can provide increased production and improved quality of forage mass, thereby increasing the concentra- tion of protein and digestibility by reducing the concentration of fibers (Fraser and Kunelius, 1995) because grass fibers typically have more legumes, especially in sheets.
In conclusion, advancement to the vegetative stage modifies the structural and nutritional composition of oats in both single-head or in association with conventional and birdsfoot trefoil tillage cultivation. Growing oats with birdsfoot trefoil did not result in changes in the structural characteristics of oats, but it did increase the nutritional value of oats + birdsfoot trefoil at the end of the cycle. El objetivo de este estudio fue evaluar las características estructurales, la producción de materia seca, masa residual, composición química y digestibilidad de la materia seca in vitro de la avena negra (Avena strigosa ) Iapar 61, sola y en asociación con la lotera (Lotus corniculatus L., cv. San Gabriel), bajo diferentes formas de manejo, en tres ciclos de crecimiento. El diseño experimental fue de bloques al azar con parcelas divididas en el tiempo, con tres tratamientos: avena con siembra convencional, avena con siembra directa, avena asociado con la lotera con tres periodos de evaluación y cuatro repeticiones. El meristema apical de la avena fue incrementándose desde la primera hasta el segundo ciclo. La producción de materia seca de la lotera sola fue baja en todos los períodos con una media de 579,65 g kg -1 , mientras que la producción de avena sola con siembra convencional fue de 2.597 kg ha -1 . La avena reveló un alto valor nutricional antes del primer pastoreo en todos los tratamientos; sin embargo, al final de su ciclo, la asociación con lotera contribuyó a elevar el contenido de proteína cruda del forraje, debido a que ésta es la etapa final de su ciclo. La digestibilidad de la materia seca in vitro fue similar entre los cultivos evaluados con una disminución en el tercer ciclo. La asociación promovió mejora el valor nutricional de la avena asociados con lotera al final del ciclo de la avena.
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